INTERFACE FOR REMOTE MONITORING AND 
CONTROL OF INDUSTRIAL MACHINES 

FIELD OF THE INVENTION 

[0001] The present invention relates to the remote monitoring, 

communication with and control of industrial machines including but not limited 
to air compressors, boilers, chillers, distributed generators and heating, ventilation 
and air conditioning (HVAC) equipment and the like and more particularly to a 
versatile interface for connecting such machines, even machines not originally 
designed for remote control, to a communications network. 

g BACKGROUND OF THE INVENTION 

p [0002] Many new and existing industrial machines such as air 

5=1 

2 compressors and the like have communication ports permitting devices such as 

f personal computers to be attached to the machines for monitoring the 

fU performance of the machines and controlling the operation of the machine. 

^ Conventionally, speciaUzed software is provided to permit the computers or other 

O devices to communicate with the machine. While there are several "standards," 

none of the standards has been universally adopted. Further, none of the 
standards ar^^^mpatible with one another. Past and existing solutions to 
enabling remote communication and control of industrial equipment can be 
categorized into the following: 

(i) Adopt an open and de-facto protocol for a communication port. 

(a) The Modicon Bus (MODBUS) protocol, was created in 1978 
by Modicon as a way for transferring control data between controllers and 
sensors using an RS232 port. Since the introduction, MODBUS has 
become a de-facto industry standard used by multiple control and sensor 
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companies as their protocol for exchanging data with other devices. 
Currently, MODBUS protocol claims to be the most supported protocol 
amongst Industry Automation devices. The primary use of MODBUS is 
to transfer discrete/analog I/O and register data between control devices. 
It is important to note that MODBUS is a low-level communications 
protocol that specifies as set of functions and data registers. 

(b) The LONWORKS platform created by Echelon Corporation is 
another open protocol. In 1994 Echelon published guidelines for 
interoperability of networked devices in buildings, factories, transportation 
systems and homes based on the Lonworks Control Network 
(LONWORKS). Since launch Echelon has also applied LONWORKS for 
used in Industrial Automation applications as the field and sensor bus for 
control. 

(ii) Built-in remote access directly into the control panel. 

(a) The WebMaster water treatment controller fi-om Walchem 
Corporation employs the built in remote access. In this approach, a 
modem and an embedded web server are integrated into the WebMaster 
Controller. The operating state and parameters of the controller are 
remotely accessed by first dialing up the controller using the built-in 
POTS modem. Once the connection is established, the embedded web 
server in the controller serves up web pages for viewing and modifying the 
parameters of the controller. 

(b) The electronic control panel used by Capstone Microturbine 
Corporation on their power generation system. The communication port in 
Capstone's control panel can be directly connected to a POTS modem for 
remote access. The control panel is capable of responding to commands 
and queries into internal registers using protocol proprietary to Capstone. 
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(iii) Custom developed remote monitoring and management 
software/hardware solution in accordance to particular equipment 
specifications. 

(a) An example of the custom developed solution CentryCLC and 
CentryPCS control system by Connected Energy. In this approach, remote 
connection is enabled by a solution specifically developed to a collection 
of equipments installed at a specific site. In the instance where the 
original equipment manufacturer (OEM) control panel does not provide a 
communication port, the CentryCLC replaces OEM control panel with a 
microprocessor-based industrial controller programmed specifically to 
operate the equipment according to equipment's specification. A 
communication port is included in the replacement controller supporting 
an open protocol such as MODBUS. A separate system such as the 
CentryPCS is deployed connecting to the communication port of the 
controller to provide the remote communication and control access. 

[0003] However, there is a need for an interface that can be 

connected to a large number of different, new or existing, industrial machines to 
provide for remote monitoring and control of such machines. To be practical, an 
interface must be standardized so that the interface can be manufactured relatively 
inexpensively in large numbers, while at the same time the interface must be 
sufficiently versatile to be connected to many different types of industrial 
machines, wherein the individual machines may have incompatible systems. 

[0004] For example, a common aspect of the remote monitoring 

and control of machines is writing of data into registers or other memory storage. 
Except for the above-mentioned standards, there is little consistency either in the 
locations at which the information is stored or in the format in which the 




information is stored. Without knowing both the format and the location of the 
information, remote monitoring and control is impossible. 

[0005] There is a also a need for a device to connect machines to a 

communications channel that can be adapted to the particular configuration of the 
machine while using common hardware, without requiring that the hardware be 
customized for each machine. 

[0006] Industrial equipment outfitted with an electronic control 

panel often includes a serial communication port. The purpose of this 
p communication port is to provide electronic access to the internal states and 

0 ' operating parameters goveming or representing operation of the equipment. 

i|l However, there is a general lack of standardization in accessing data through the 

? communication port. Variability spans fi-om electrical signaling levels, to data 

W locations, to how data is formatted to represent the operating state or a parameter 

|4 of the equipment. Users/operators of the equipment must rely on a proprietary 

i^' software/hardware solution from the equipment manufacturer to access the 

«P communication port. User/operators of industrial equipment from different 

P 

1^ manufacturers are faced with buying and using different software/hardware 

combinations to access the varied electronic control panels. 

[0007] There is a need for a remote monitoring and management 

solution that can be economically and rapidly configured to accommodate wide 
variety of industrial equipment from different manufacturers. In addition, the 
solution must enable the acceptance and adoption of remote monitoring and 
management of industrial equipment. 
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[0008] The existing art has not solved this problem because the 

prior solutions were not sufficiently configurable to be an economical and rapidly 
deployable solution to accommodate the differences in the implementation. 

[0009] Specifically, open protocols are inadequate to fiiUy isolate 

the differences in real-world implementation within the equipment control panel 
to be a true standard. 

[00010] Even with protocols such as MODBUS and LONWORKS, 
there are still substantial variations in real-world implementations. For example, 
in the MODBUS protocol the location of the data and its format are not 
standardized. Manufactures are firee to use the MODBUS protocol and have 
defined their own intent and use of the data registers. The end result is a vast 
array of higher-level implementations using the lower level MODBUS protocol 
yielding additional proprietary remote control and monitoring communications 
methods. 

[0001 1] Therefore the current de-facto protocols cannot be relied 
upon to enable remote monitoring and management for a wide variety of 
equipment without making accommodation to the variability in equipment 
implementation. These solutions are specific to a specific site and applicable only 
to a particular collection of equipment types and models. This solution was not 
intended, and is not a sufficiently configurable without requiring significant 
alterations. That is, each new site with a different collection of equipment will 
require another custom developed solution. 

[00012] The present invention is adaptive to the variations in use by 
manufacturers of the MODBUS, LONWORKS, and other low-level protocols via 
the present interface allowing programmabiUty and rapid configuration. The 



invention is sufficiently configurable so that a common hardware device can be 
configured to adapt to a different collection of equipment varying by type and 
model. 

SUMMARY OF THE INVENTION 

[00013] Briefly stated and in accordance with one aspect of this 
invention, an apparatus for connecting an industrial machine to a communication 
circuit includes a programmable interface connected to the industrial machine, a 
programmable data translator coupled to the interface, and a communications port 
P connected to the communications circuit. 

o 

O [000 1 4] The configuration of the programmable interface and 

Ul • 

p programmable data translator are established through data files referred to herem 

^ as personality files that configure the interface and the translator according to the 

a particular machine to which the interface is connected. 

fU 

p [0001 5] In one configuration, a personality file is interpreted at the 

^ time the interface is manufactured to configure the interface to a particular 

O 

^ industrial machine. In accordance with this approach, the interface remains 

configured for a particular machine until the interface is reprogrammed. 

[00016] In accordance with another configuration, a plurality of 
personality files are maintained on the interface device and configuration can take 
place in the field without the need for a separate personality file interpreter. In 
accordance with this embodiment, the interface remains configured until a 
different personality file is interpreted and used to reconfigure the interface. 
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[000 1 7] In accordance with another aspect of the invention, 
additional changes may be made in the nature of software updates or the like 
without reconfiguring the interface. 

[0001 8] In one configuration, the "personality file" is used to 
rapidly configure a common communication device adapting to a wide variety of 
industrial equipment from different manufacturers, for the purpose of exchanging 
data and enabling remote monitoring and control. 

[00019] In addition, the use of a data transform module in 
conjunction with the definition of a common method of data representation is 
another aspect of this invention. 

[00020] The definition of a transform definition language involving 
linking a set of low-level transform operators to convert data structure from a 
wide variety of manufacturers to the internal common data representation of the 
interface device is another feature of this invention. 

[0002 1 ] The novel aspects of the invention set forth with 
particularity in the appended claims. The invention itself together fiirther objects 
and advantages thereof may be more readily understood by reference to the 
following detailed description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[00022] Figure 1 is a schematic of the interface device in the 
context of a representative industrial application environment. 



[00023] Figure 2 illustrates a personality file being interpreted, 
wherein the instructions provided by the personality file are used to configure and 
program the requisite subsystems to adapt the interface device to the particulars of 
a piece of industrial equipment and the associated electronic controller/control- 
panel. 

[00024] Figure 3 is a block diagram showing the software of the 
interface. 

[00025] Figure 4 an embodiment of the backend software system 
where the data representing operating state and parameters of the industrial 
equipment are flexibly handled. 

» 

[00026] Figure 5 is a schematic showing the interconnection of a 
plurality of different industrial machines through the interface device and a 
communications medium. 

[00027] Figiu-e 6 is a block diagram of one configuration of the 
interface apparatus. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

[00028] The present invention provides a configurable interface 
device to enable remote monitoring and management of industrial equipment or 
machines fi'om different manufacturers. Industrial machines include, but are not 
limited to compressors, air compressors, boilers, chillers, pumps, generators, 
HVAC equipment, fans, motors, ovens, engines. 

[00029] Generally, a preferred embodiment for connecting one of a 
plurality of industrial machines 8 having different data format and storage 
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configurations to a communications medium for remote monitoring and control, 
includes a programmable interface apparatus 10 having a memory 20 for storing 
data in predetermined locations and in a predetermined format, and for storing 
configuration information relating to the at least one of the industrial machines; a 
configurable electrical interface 30 responsive to the configuration information 
for receiving machine data fi-om the industrial machine 8 and sending data to the 
industrial machine 8; a data translator 40 responsive to the configuration 
information, receiving data fi*om the interface and transforming the data to the 
predetermined format; a processor 50 responsive to the configuration information 
^ for reading data from and writing data to the predetermined locations in the 

memory; and a communications port 60 connected to the communications 



— medium. 



[00030] The interface 10 is selected to provide any subset of the 
following: 

(1) Communicate with electronic controller and control panel(s) of 
a variety of industrial machines 8; 

(2) Extract data representing operating state and parameters of the 
industrial machines at programmed regular intervals; 

(3) Store the extracted data locally in non-volatile persistent 
storage; 

(4) Transmit the data to one or more remote locations for the 
purpose of data archival, monitoring and control; 

(5) Transmit the control commands received from local and remote 
locations to a controller/control-panel of the industrial machines; and 

(6) Provide an operator interface in the form of graphical screens. 

[0003 1 ] The hardware platform of the present interface device can 
be adapted to a variety of different industrial machines from different 
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manufacturers and associated electronic controllers and control panels. The 
internal software is tailored to accommodate differences in the controller/control- 
panel of the particular industrial machine based on the instruction provided in the 
"personality file". The structure and definition of the personality file is selected 
to encapsulate the variability in the controller/control-panel implementation of the 
particular industrial machine. 

[00032] The Personality file can address the following set of 
variations in controller/control-panel implementation of the particular industrial 
machine 8: 

(1) Communications physical interface type; 

(2) Serial communication port settings; 

(3) Serial communication port protocol; 

(4) Network communications port settings; 

(5) Network communications port protocol; 

(6) Data point locations; 

(7) Data point attributes; 

(8) Data point monitoring parameters; 

(9) Data point transformation specification; and 

(10) User interface screens. 

[00033] It is understood this set of variables can be altered by 
addition or subtraction. However, it is anticipated the illustrated set is able to 
accommodate most of the industrial machines 8 of interest. Thus, the structure 
and definition of the personality file can be extended as additional industrial 
machine level variability is identified. 

[00034] Data points are the measured data values representing the 
state and operating parameters of the industrial machine 8. There are presently no 
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uniform standards used by the Industrial Equipment Manufacturers. The abiUty to 
adapt to variability of data representation is an advantage of the present 
configuration. 

[00035] The personality file allows a flexible data representation 
internal to the interface device 10, wherein the data representation can adapt to 
variations in how different OEMs represent the respective industrial machine data 
within the particular controUer/control-panel 

[00036] The following description of a preferred embodiment of a 
Personality File is illustrative. 

Overview: 

[00037] One of the features of the interface device 10 is the ability 
to easily and readily adapt to various OEM industrial machine controllers. To 
realize adaptation capability, the interface device 10 can customize and configure 
the embedded software while using a common, the same, hardware platform. 
This customization is express in the form of a Personality File (PF). 

[00038] The personality file contains human readable text that 
describes the relationship between a WCC 10 and an OEM industrial machine 
controller. The PF includes definition sections bound by BEGIN / END indicator 
pairs. The individual data items are defined as TagName = "Value", each on a 
separate line ending with carriage return (CR) and linefeed (LF). Each Value is 
enclosed within double quotes ("") without regard to it data type, i.e. string vs. 
integer. 

[00039] The following is a description of an exemplary personality 
file in accordance with the invention. 
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[00040] The method to represent and transform data exchanged 
over the communication port that can be configured by the Personality File is as 
shown. This method can be embodied in two modules the Data Definition 
Module and the Data Transform Module. 

Data Definition Module: 

[00041] An important feature of the interface device 10 is a set of 
data definitions that are adaptable to variability in the data location, data attributes 
and the monitoring parameters within the controller/control-panel of a given 
industrial machine 8. 

[00042] Data location refers to the register address or addresses for 
the data within the controller/control-panel. 

[00043] Data attribute refers to how data are represented such as by 
types (e.g. Boolean, Integer, Floating Point, etc.), min/max scaling, conditional to 
another parameter, alarm levels, and any other processing needed to derive 
meaning (e.g. alarm codes, status codes, transforms, etc.). 

[00044] Data monitoring parameters refers to how firequent the data 
should be accessed and method for deciding if a data should be retained in the 
persistent memory of the device 10. 

[00045] The preferred embodiment stores actual measured points 
data as collected fi-om the WCC controlled device (industrial machine 8). The 
points data placed into a data table and will be in the final values as defined via 
the PF, i.e. all transforms performed. 
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Data Transform Module: 

[00046] Another aspect of the interface device 8 is the notion that a 
Data Transform Module will process all data items exchanged over the 
communication port 60. This Data Transform Module provides the mapping 
between the controller/control-panel implementation of data items representing 
the state and operating parameters of the industrial machine 8, and the data 
definitions used within interface device 10. 

[00047] The interface also employs a Transform Definition 
Language to accommodate the wide range of possible transforms. The Transform 
Definition Language provides a set of transform primitives that can be linked 
together as a series of successive operators to produce the desired end transform. 
The transforms are bi-directional to handle data read from and written to the 
controller/control-panels of the industrial machine. 

[00048] The following is a description of a preferred embodiment 
of a Transform Definition Language in accordance with the invention. 

Overview 

[00049] The Transform Definition Language allows the interface 
device 10 to easily adapt to various OEM industrial machine 8 controllers. To 
implement the adaptability, all the data items are passed through a Transform 
module/layer. The Transform module/layer provides the mapping between the 
OEM controller implementation of a particular data item and the WCC 10 
representation of the data item. 

[00050] Since the range of possible Transforms is very large, a 
means of expressing/defining these Transforms is necessary. To accomplish the 
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means of expressing/defining these Transforms, the interface device includes a 
Transform Definition Language (TDL). The TDL includes a set of Transform 
primitives that can be linked together, as a series of Transforms, to produce the 
desired end Transform. Since data items are read from and written to the OEM 
controller, these Transforms will need to be defined for both data path directions. 
The Transforms may simply be the reverse of each other or more complex 
depending on the representation of the data item in the OEM controller of the 
industrial machine 8. 

[0005 1 ] The representation of the desired data item Transform will 
occur as an attribute of a Point in the Point Attribute database table. There is a 
field to describe both the READ and WRITE Transforms for the data item. The 
fields will contain a comma-separated Hst of Transform IDs that describes the 
desired Transform series. However, it is understood other field separators can be 
employed. The Transform IDs are references to Transforms defined in the WCC 
Personality File (WCCPF) and use the TDL to describe the specific Transform. 

Data Point Transform Types 

[00052] The following is a Ust of definitions for the types of 
Transforms that may occur on Points within the WCC interface device system 10. 
Multiple transforms on a Point will be represented as a list of transform to be 
performed. 

[00053] All transform primitives perform an operation on at least 
one operand, the current value. The current value is defined as the data which is 
currently being read/written to/from the controller or database, or any 
representation of that data during the transform process. Most of the transform 
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primitives need to reference a second operand in order perform their operation. 
This second operand is represent by an operand identifier. 

[00054] The data items and the series of transform primitives for 
each data item is specified in the PersonaUty File and stored as an attribute in the 
Data Definition Module. 

[00055] There are two approaches to implement the Personality 

File: 

Approach 1 

M 

□ [00056] The personality file is interpreted at the factory by an 

g external system to the present interface device 10. The resulting information is 

tfl used to configure the WCC interface device 10 to a specific controller/control- 

£ panel for a given industrial machine 8. The interpretation of the personality file 

W and the subsequent configuration of the WCC interface device 10 at the factory is 

5 

done one time and will remain until the interface device 10 is to be re-configured 

PJ 

to interface with a different controller/control-panel, typically associated with a 
different industrial machine 8. In this approach the configuration of the interface 
|i device 10 must occur at the factory since personality file and the interpretation 

system is external to the interface device. 

Approach 2 

[00057] The personality file is interpreted by software installed 
within the WCC interface device 10. The process begins by placing the 
personality file into the device 10. A special command is then executed which 
causes the personality file to be interpreted. The resuUing information is used to 
configure the interface device 10 to a specific industrial machine 8 
controller/control-panel. The interpretation of the personality file and the 



15 



# # 



subsequent configuration of the internal settings of the interface device 10 are 
done one time and will remain until the interface device is to be re-configured to 
interface with a different controller/control-panel, typically associated with a 
different industrial machine 8. The configuration can be considered as a one-time 
initialization before which the interface device 10 is not operable, Moreover this 
initialization can be done either in the field or at the factory. 

[00058] In both approaches, there can be additional changes at the 
application level after the interface device has been configured to a specific 
industrial machine controller/control-panel. These changes will be 
accommodated via software upgrades, which also can be delivered after the 
interface device has been installed in the field. 

[00059] While the invention has been described in conjunction with 
specific embodiments thereof, it is evident that many altematives, modifications, 
and variations will be apparent to those skilled in the art in light of the foregoing 
description. Accordingly, the present invention is intended to embrace all such 
altematives, modifications, and variations as fall within the spirit and broad scope 
of the appended claims. 
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